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ABSTRACT 
In turbulent water flows, large quantities of air bubbles are entrained at the free-surfaces. Practical 
applications of gas-liquid bubbly flows are found in Chemical, Civil, Environmental, Mechanical, 
Mining and Nuclear Engineering. Air-water flows are observed in small-scale as well as large-scale 
flow situations. Typical examples include thin circular jets used as mixing devices in chemical plants 
(Qw ~ 0.001 L/s, diameter ~ 1 mm) and spillway flows (Qw > 10,000 m3/s, flow thickness over 10 
m). In each case, however, the interactions between the entrained air bubbles and the turbulence field 
are significant. 
 
The present manuscript regroups a collection of one book and 43 articles on the study of air bubble 
entrainment in turbulent flows. The work aims to gain a better understanding of the basic mechanisms 
of gas entrainment and the interactions between entrained gas bubbles and the turbulence. It has been 
the purpose of the research work to assess critically the overall state of this field, to present new 
analysis and experimental results, to compare these with existing data, and to present new compelling 
conclusions regarding momentum and void fraction development of air-water gas-liquid bubbly flows. 
 
The manuscript presents a comprehensive analysis of the air entrainment processes in free-surface 
turbulent flows. The air-water flows are investigated as homogeneous mixtures with variable density. 
The variations of fluid density result from the non-uniform air bubble distributions and the turbulent 
diffusion process. Several types of air-water free-surface flows are studied : plunging jet flows, open 
channel flows, and turbulent water jets discharging into air. 
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INTRODUCTION 
Foreword 
Dr Hubert CHANSON received a degree of 'Ingénieur Hydraulicien' from the Ecole Nationale 
Supérieure d'Hydraulique et de Mécanique de Grenoble (France) in 1983 and a degree of 'Ingénieur 
Génie Atomique' from the 'Institut National des Sciences et Techniques Nucléaires' in 1984. He 
worked for the industry in France as a R&D engineer at the Atomic Energy Commission from 1984 to 
1986, and as a computer professional in fluid mechanics for Thomson-CSF between 1989 and 1990. 
From 1986 to 1988, he studied at the University of Canterbury (New Zealand) as part of a Ph.D. 
project. In 1998-99, he has undertaken a Doctor of Engineering (D.Eng.) at the University of 
Queensland. 
Dr CHANSON is a senior lecturer in fluid mechanics, hydraulics and environmental engineering at the 
University of Queensland since November 1990. His research interests include design of hydraulic 
and coastal structures, experimental investigations of two-phase flows, water quality modelling in 
coastal and hydraulic structures, environmental management and natural resources, and engineering 
heritage. He authored three books : "Hydraulic Design of Stepped Cascades, Channels, Weirs and 
Spillways" (Pergamon, 1995) and "Air Bubble Entrainment in Free-Surface Turbulent Shear Flows" 
(Academic Press, 1997). The third title is currently in print : "The Hydraulics of Open Channel Flows: 
An Introduction" (Edward Arnold, 1999). His publication record includes over 85 international 
refereed papers. Dr CHANSON has been active also as consultant for both governmental agencies and 
private organisations. 
He has been awarded four fellowships from the Australian Academy of Science. In 1995 he was a 
Visiting Associate Professor at National Cheng Kung University (Taiwan R.O.C.) and he is a Visiting 
Research Fellow at Toyohashi University of Technology (Japan) in 1999. 
Dr CHANSON was the keynote lecturer at the 1998 ASME Fluids Engineering Symposium on Flow 
Aeration. He lectured several short courses in Australia and overseas (e.g. Japan, Taiwan). 
 
Structure of the D.Eng. thesis 
Since 1985, Dr CHANSON has been actively involved in the fluid mechanics of two-phase gas-liquid 
flows. His contributions in analytical and experimental modelling of air-water flows are 
9 
internationally recognised, as illustrated by the number of citations listed in the international database 
Science Citation Index. He wrote one book (Academic Press 1997) and several major contributions on 
the subject which constitute the material for the Doctor of Engineering degree. The ASME invited Dr 
CHANSON to present a keynote lecture on air bubble entrainment by plunging jets in 1998, which is 
included. 
After the introduction section, the reader will find a complete list of publications authored and co-
authored by Hubert CHANSON. Then a brief section summarises the reviewing activities of Dr 
CHANSON. Reviews for international journals, conferences and publishers contribute significantly to 
the standing of the state of the art, and Dr CHANSON has had an active contribution. 
In the last section, each significant publication is introduced by its full bibliographic details and a 
statement outlining the significance of the work, the portions of the material which are original (if 
applicable) and the extent of the candidate's own contribution in the case of joint publications. Then 
the publication is reproduced. In the case of the book and monographs, only the core chapters are 
reprinted. The publications are listed in a reverse chronological order, starting with the book, then the 
most recent (up to date) results and ending with the earliest significant contribution. 
 
Statement of originality 
The book and most papers (1) regrouped herein were either solely authored or jointly authored with 
the writer's students. They represent predominantly the direct contribution of the writer and the work 
of his students under his direct supervision. Most of the work is based on the writer's personal ideas. It 
is considered that at least half of each joint contribution is attributable to the writer with larger 
fractions applying in several cases. The writer made always a point to acknowledge clearly any 
assistance received from students, colleagues and co-workers. The acknowledgment is made at the end 
of each article, and at the beginning of his books. The reader will find several examples in the 
following collection of papers and at the beginning of this thesis. 
                                                     
1All joint publications but two (co-written with Professor LEE J.F.) were jointly prepared with Dr CHANSON's 
postgraduate research students. 
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The writer has developed an international reputation in the field of gas-liquid turbulent flows which is 
summed up by recent reviews of his book by two world experts (PEREGRINE 1998, WOOD 1997), 
an invitation to present a keynote lecture at the 1998 ASME Fluids Engineering Symposium on Flow 
Aeration chaired by Professors R. ARNDT and A. PROSPERETTI, and a number of citations in major 
international refereed journals and listed in the international database Science Citation Index. 
Dr CHANSON's work was influenced by three true scholars : Professor Colin J. APELT, University of 
Queensland, Professor Ian R. WOOD, University of Canterbury (NZ), and Dr Jean-Marie MICHEL, 
ENSHM Grenoble (France). He is indebted to their friendship and valuable advice. 
 
Specific areas of contribution 
Motivation of the work 
The project has derived from professional and research involvements in gas-liquid flow systems. 
Throughout the years, the writer was involved in several applications including thermohydraulics of 
heat exchanger and primary circuits of power plants, spillway aeration devices (2), open channel flows 
(3), plunging breaking waves (4) and air entrainment in hydraulic structures (5). His experience 
highlighted the need for a better understanding of the fluid mechanics of gas-liquid flows. 
The overall motivation of the study has been to gain a better understanding of the mechanisms of gas 
bubble entrainment in turbulent flows and a basic understanding of the interaction processes between 
entrained gas bubbles and the turbulence. This may be achieved by predicting accurately the two-
                                                     
2For example, CHANSON (1995, JHR-IAHR), CHANSON (1994, CJCE), CHANSON (1991, JHR-IAHR), 
CHANSON (1990, JFE-ASME), CHANSON (1989, JHR-IAHR). 
3For example, CHANSON (1997, JHR-IAHR), CHANSON (1997, IJMF), CHANSON (1997, Wat. Res.),  
4For example, CHANSON and LEE (1997), LEE and CHANSON (1995), CHANSON and CUMMINGS (1994, 
Mar. Tech. Soc. Jl), CHANSON and CUMMINGS (1994, Wave Model.)., CHANSON and CUMMINGS 
(1993, IAHR Conf.) 
5For example, CHANSON and TOOMBES (1998, ICMF), CHANSON (1995, Wat. Res.), CHANSON (1995, 
IAHR Conf.), CHANSON (1994, JHR-IAHR), CHANSON (1993, CJCE), CHANSON (1993, IAHR Conf.), 
CHANSON (1992, Report CE133 & AFMC) 
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phase flow properties. These include the distributions of void fraction, air-water velocity, bubble sizes 
and turbulence characteristics. The overall analysis of two-phase flows must be based on teh 
continuity, momentum and energy equations for each phase plus eventually a mass transfer equation. 
The full knowledge of the advective diffusion of entrained bubbles provides the means to estimate the 
gas bubble size distributions, the gas-liquid interfacial area and hence the rate of gas-liquid mass 
transfer. In bubbly flows, mass transfer occurs predominantly across the bubble interfaces and it is 
directly propertional to the gas-bubble interfacial area which is related the void fraction and bubble 
size distribution (6). Accurate estimate of the rate of air-water gas transfer has direct applications for a 
better prediction of river re-oxygenation and fresh water quality enhancement, dechlorination in 
wastewater plants and treatment of stormwater effluents. Up to recently, mass transfer calculations 
were based upon empirical correlations which did not take into accoutn of the physics of the flow. 
This trend could be explained by the lack of qualitative and quantitative on the bubble interface area 
and it is only recently that significant research progress was made(7). 
Originally the writer investigated experimentally the basic flow patterns of air-water flows. A simple 
classification derived : singularity of air entrainment (e.g. plunging jet flows) and interfacial air bubble 
entrainment (e.g. water jets discharging into air) (8). The qualitative knowledge of air-water flows 
provided the framework for developing new analytical (9) and numerical (10) models. Altogether the 
                                                     
6For example, the combined interface area of 1-mm bubbles is 600 m2 per unit volume of air and water with a 
10% void fraction concentration. 
7For example, CHANSON (1997, Wat. Res.), CHANSON (1995, Wat. Res.), CHANSON and CUMMINGS 
(1995, Mar. Tech. Soc. Jl), CHANSON (1995, Proc. Instn Civ. Eng.). 
8For a complete review, see CHANSON (1997, Academic Press). 
9For example, CHANSON (1997, Academic Press), CUMMINGS and CHANSON (1997, JFE-ASME), 
CHANSON (1996, Trans. IEAust), CHANSON (1995, JHR-IAHR), CHANSON (1995, AFMC), CHANSON 
(1994, JHR-IAHR), CHANSON (1993, JHR-IAHR). 
10For example, CHANSON (1997, JHR-IAHR), CHANSON and LEE (1997), CHANSON (1995, Proc. Instn 
Civ. Eng.), CHANSON (1995, Wat. Res.), CHANSON (1994, Wat. Res.), CHANSON (1993, IAHR Conf.), 
CHANSON (1989, JHR-IAHR). 
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resulting efforts were intended to make a lasting contribution and it gave the bulk of the work reported 
herein. 
 
Similarity between different flow conditions 
The writer made an important contribution by developing similarities between different flow situations 
to gain a better understanding of the hydrodynamic process. 
Firstly the writer presented a comprehensive comparison between monophase and multiphase 
turbulent shear flows (11). The results showed that the mean flow properties have the same shape in 
both mono- and multiphase flows, but the quantitative flow parameters are affected by the presence of 
bubbles. Further the differences between mono- and multi-phase flows are enhanced with increasing 
void fractions. As an example, momentum spreads more rapidly in vertical plunging jet than in a 
monophase jet (12). High velocity turbulent water flows behave as homogeneous mixture flows, and 
both the void fraction and mean velocity distributions exhibit smooth profiles without discontinuity. 
The interactions between entrained air bubbles and turbulence affect the flow field at small scales : 
i.e., that of the bubbles. 
The writer developed an extensive analogy of particle-turbulence interactions between air-water flows, 
sediment-laden flows, dilute polymer solutions and turbulence manipulators (13). In two-phase flows 
(gas-liquid and solid-liquid), the interactions between particles and turbulent structures are expected to 
modify the flow field. Experimental observations suggest that the mean-velocity field is little affected 
by the presence of particles but strong particle-turbulence interactions exist next to solid boundaries 
and in shear layers. Drag reduction may be observed in some open channel flows : e.g., self-aerated 
                                                     
11For exemple, CHANSON (1997, Academic Press, pp.63-72, 122-127, 133-143, 185-186), CUMMINGS and 
CHANSON (1997, JFE-ASME), CHANSON and BRATTBERG (1997, Report CH48/97), CHANSON (1996, 
Trans. IEAust.). 
12For example, CHANSON and BRATTBERG (1998, ICMF), CUMMINGS and CHANSON (1997, JFE-
ASME). 
13For example CHANSON (1997, Academic Press, pp. 230-233), CHANSON (1994, JHR-IAHR), CHANSON 
and QIAO (1994), CHANSON (1992, AFMC). 
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flows down spillways, suspended-sediment flows during rising floods (14). In the developing region of 
plunging jets, the expansion rate of the shear layer is enhanced by entrained air bubbles as well as 
polymer macro-molecules (15). The parallel between gas particles, solid particles and dilute polymer 
assists the understanding of the fluid-particle interaction processes. For example, the modelling of 
drag reduction in self-aerated open channel flows (16) derived from concepts developed for dilute 
polymer solutions (17). 
The author developed another analogy between air entrainment at vertical plunging jets and air 
entrapment in hydraulic jumps (18). The two configurations are characterised by the impact of one 
body of water onto another with associated air bubble entrapment. The similarity between both air 
entrainment situations, the vertical jet and the horizontal jump, suggested that the impact flow 
conditions affected significantly the air entrapment process. Experimental results showed further that 
buoyancy had little impact on the air entrapment and on the turbulent advection diffusion process (19). 
There is another analogy when air entrainment is caused by turbulence disrupting the free-surface : 
self-aerated open channel flows, water jets discharging into air and ventilated cavities. Experimental 
results indicated that the mean velocity field had the same shape as monophase flows, but the air 
bubble diffusion process was nearly independent of the velocity field (20). Further the bubble and 
                                                     
14For exemple CHANSON (1994, JHR-IAHR), CHANSON and QIAO (1994). 
15For exemple, CUMMINGS and CHANSON (1997, JFE-ASME) for air-water shear flow, RIEDIGER (1989, 
4th Intl Conf. on Drag Red.) for dilute polymer shear flow. 
16CHANSON (1994, JHR-IAHR). 
17For example, VIRK (1975, AIChE Jl), LUMLEY (1977, Physics of Fluids). 
18For example, CHANSON (1997, Academic Press, pp. 44-101), CHANSON and BRATTBERG (1997, Report 
CH48/97), CHANSON (1995, Report CH46/95), CHANSON (1995, IJMF). 
19For exemple, CHANSON and BRATTBERG (1997, Report CH48/97), CHANSON (1995, IJMF), 
CHANSON (1995, Report CH 46/95). 
20For example, CHANSON (1997, Academic Press, pp. 216-230), BRATTBERG et al. (1998, ASME Symp). 
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droplet size distributions were strongly correlated with the void fraction distributions although this is 
not yet fully understood (21). 
In summary the writer's contribution has provided a simple comparison between monophase and 
multiphase flows as well as some analogy between various multiphase flow situations. It stressed the 
significance of the interactions between bubbles/particles and turbulent structures. In air-water flows, 
the presence of bubbles affects the turbulence which in turn contributes to bubble breakage in shear 
flow and coalescence of small bubbles in quiescent fluid. 
 
Instrumentation and experimental techniques 
Experimental investigations of air-water flows is based upon the measurements of the bubbly phase 
characteristics (void fraction, number of bubbles, bubble sizes) and the air-water turbulent velocity 
field. In a gas-liquid mixture, classical measurement devices (e.g. pointer gauge, Pitot tube and LDA 
velocimeter) might lead to inaccurate readings, and they are usually inappropriate to record air 
concentrations. New measurement techniques must be introduced. 
The writer's contribution included the development of new miniature conductivity/resistivity probes 
(sensor size : 25 µm) (22), new processing techniques for hot-film probes (23) and the use of large-size 
experimental facilities to minimise scale effects (24). 
The first technique allowed the detection of the very-fine air bubbles (bubble sizes below 0.1 mm) 
which contribute most to the gas-liquid mass transfer. Bubble size measurements was achieved with 
miniature sensors (25 µm Ø) scanned at high-speeds (10 to 40 kHz). The technique was successfully 
used in high-velocity turbulent shear flows (25). The study showed further the broad range of bubble 
                                                     
21For exemple, BRATTBERG et al. (1998, ASME Symp.), CHANSON (1997, IJMF). 
22For example, CHANSON and BRATTBERG (1998, ICMF), CUMMINGS and CHANSON (1997, JFE-
ASME), CHANSON (1997, IJMF), CHANSON and BRATTBERG (1996, ASME Symp.), CHANSON and 
CUMMINGS (1994, IJMF), CHANSON (1989, JHR-IAHR). 
23CHANSON and BRATTBERG (1998, ASME Symp.). 
24For example, CHANSON and BRATTBERG (1997, Report CH48/97), CHANSON (1995, Report CH46/95). 
25For example, CHANSON and BRATTBERG (1996, ASME Symp). 
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sizes in various types of turbulent flows, with size spectrum extending over several orders of 
magnitude (26). In the bubbly region of open channel flow, the probability of bubble size is the largest 
for bubble sizes between 0.5 and 2.5 mm although bubble sizes ranging from 0.05 up to 30 mm were 
recorded. In plunging jet flows, the largest probability of bubble sizes is between 0.1 and 2 mm but air 
pockets as large as 20 mm were recorded. The work highlighted the complexity of the air-water flow 
structures. No monosize bubbly structure was noted, but a combination of small bubbles, large air 
pockets as well as packets of air bubbles was observed (27). Up to date bubble size distributions in air-
water turbulent shear flows cannot be predicted by statistical size distributions nor by analytical 
calculations. The experimental results emphasise the complicated interactions between bubbles and 
turbulence. 
Hot-film probe measurements were performed to gain a better understanding of the turbulent flow 
field in gas-liquid flows. The study has pioneered a new processing technique which was developed 
specifically to provide accurate reliable measurements in high-velocity air-water shear flows (28). 
Using a new discrimination technique, new information were obtained on the turbulent velocity 
fluctuations in the water phase. In the developing shear flows of plunging jets, very high levels of 
turbulence were recorded. These were not caused by bubble interference with the probe but true water 
velocity fluctuations. For example, turbulence intensities as large as 100% were observed in the 
developing shear layer of plunging jet. The measurement technique demonstrated further the existence 
of a "slip" region at the plunging jet impingement (29). It is believed that high turbulence levels were 
generated by some slip between the impinging jet flow and the induction trumpet flow. Measurements 
showed further that the turbulence levels decayed downward into the flow direction. 
 
                                                     
26For example, BRATTBERG et al. (1998, ASME Symp), CUMMINGS and CHANSON (1997, JFE-ASME), 
CHANSON (1997, IJMF), CHANSON and BRATTBERG (1996, ASME Symp). 
27For exemple, CUMMINGS and CHANSON (1998, AFMC). 
28For example, CHANSON and BRATTBERG (1998, ASME Symp), CHANSON and BRATTBERG (1997, 
Report CH48/97). 
29CHANSON and BRATTBERG (1998, ASME Symp, pp. 3 & 8). 
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Experimental investigations 
The writer made a contribution in the introduction of large size laboratory channels to investigate air-
water flows in order to minimise scaling effect. For example it has been acknowledged for more than 
half a century that small experimental facilities could produce significant scale effects which in turn 
would produce inaccurate and misleading results. But it is only very recently that researchers used 
large-size facilities. A broad range of applications was investigated by the author from spillway 
models to plunging breakers in wave flumes. Most studies were conducted in Australia although some 
were performed in Taiwan in collaboration with Professor LEE J.F. (National Cheng Kung University) 
during a special study leave and following visits. 
The writer demonstrated the use of large-scale facilities with high-velocity flows to provide more 
accurate results. At the University of Queensland, the writer prepared and operated one of the world's 
longest experimental canals (25-m long) to investigate self-aeration in open channels. The facility was 
nearly a full-scale replica of storm and waste waterways. The study highlighted the substantial free-
surface aeration in the flume and the potential for air-water gas transfer (30). It demonstrated that re-
oxygenation down storm waterways is significant and its accurate prediction would minimise the cost 
of downstream water treatment stations. Note that, in a 1/2 scale model of the University of 
Queensland facility, clear water flows would be observed and this illustrates the difficulty to scale 
properly air-water flows. 
Further the writer designed and built specifically the world's first large-size plunging jet facility with a 
1.8-m pool height and jet velocities from 0.5 to 9 m/s (31). At the time, most experiments were 
performed with thin liquid jets (Ø ~ 1 mm) impinging in small pools (0.3 to 0.5-m deep). Several 
researchers showed that the resulting experimental data were biased by significant scale effect (32). 
The new research study provided accurate information on the developing flow region, the rate of air 
                                                     
30For exemple, CHANSON (1997, IJMF), CHANSON (1997, Wat. Res.). 
31For exemple, CHANSON and BRATTBERG (1997, Report CH48/97), CHANSON (1995, Report CH46/95). 
32For exemple, KOBUS (1984, Universitat Stuttgart), WOOD (1991, Balkema). 
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entrainment and the air-water flow structure at plunging jets (33). The results suggested further that 
data obtained with small-size experiments would underestimate the rate of air bubble entrainment. 
Additionally several measurement techniques were progressively introduced : Pitot-Prandtl tubes, 
high-speed video-camera, conductivity probes and hot-film probes. The experimental work (34) in this 
facility has received already world publicity (35). 
In 1998 new experiments were conducted with a large circular plunging jet (Ø = 25 mm). The facility 
was basically a full-scale plunging jet column. Preliminary results were presented at the 1998 ASME 
Flow Aeration Symposium and 1998 Australasian Fluid Mechanics Conference. A comparison 
between two-dimensional and circular plunging jet flows (in the same facility and with the same 
instrumentation) showed an additional degree of freedom with the circular jet configuration, leading to 
a helicoidal air bubble entrapment process. 
 
Analytical developments 
Analytical developments may provide a powerful tool to predict the flow properties. This is achievable 
only with basic flow conditions and simple geometry. In turbulent gas-liquid flows, the writer 
contributed to new analytical developments of gas bubble advective diffusion. He also developed 
simple models to estimate the gas bubble/turbulence interactions using simplified analytical solutions 
of the velocity field based on simple mixing length models. The work was developed over a period of 
                                                     
33For exemple, CUMMINGS abd CHANSON (1998, AFMC), CUMMINGS and CHANSON (1997, JFE-
ASME), CHANSON and BRATTBERG (1997, Report CH48/97), CHANSON and CUMMINGS (1994, IJMF). 
34For example, CHANSON and BRATTBERG (1998., ASME Symp), CHANSON and BRATTBERG (1998, 
ICMF), CUMMINGS and CHANSON (1997, JFE-ASME), CHANSON and CUMMINGS (1994, IJMF). 
35Invited keynote lecture at the 1998 ASME Fluids Engineering Symposium on Flow Aeration on 21-25 June 
1998, Washington DC, USA chaired by Professors R. ARNDT and A. PROSPERETTI. Citation of several 
publications (e.g. CHANSON and BRATTBERG 1998, ASME Symp; CUMMINGS and CHANSON 1997, 
JFE-ASME) in a recent Ph.D. thesis (WANIEWSKI, 1998, Ph.D. thesis, California Inst. of Technology). 
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10 years and it is best summarised in his book (36) in which both two-dimensional and axisymmetric 
flows were investigated. 
Examples of air bubble diffusion solutions included : 
 C  =  
qair
V1 4 π 
Dt
V1
 x
 ⎝⎜
⎛
⎠⎟
⎞
exp⎝⎜
⎛
⎠⎟
⎞
 - 
V1
4 Dt
 
(y - y1)
2
x  + exp⎝⎜
⎛
⎠⎟
⎞
 - 
V1
4  Dt
 
(y + y1)
2
x  
  Two-dimensional plunging jet flow 
 C  =  
Qair
4 π Dt x exp⎝⎜
⎛
⎠⎟
⎞
 - 
V1 (r
2 + r1
2)
4 Dt x
 Io⎝⎜
⎛
⎠⎟
⎞V1 r r1
2 Dt x
 Circular plunging jet flow 
 C  =  1  -  tanh2⎝⎛ ⎠⎞K'  -  
y
2 D' Y90
 Self-aerated open channel flow 
 C  =  
1
2 
⎝⎜
⎜⎛
⎠⎟
⎟⎞1  -  erf
⎝⎜
⎜⎛
⎠⎟
⎟⎞
y
2 
Dt
V1
 x
 Two-dimensional water jet discharging into air 
 C  =  0.9  -  
1.8
r90
 ∑
n=1
+∞
 
Jo(r αn)
αn J1(r90 αn) exp⎝⎜
⎛
⎠⎟
⎞ - DtV1 αn2 x  Circular water jet discharging into air 
A first series of results were achieved for interfacial air bubble entrainment : e.g., water jets 
discharging into air and open channel flows. Analytical solutions for turbulent water jets discharging 
into air were successfully compared with experimental data for both circular and two-dimensional jet 
configurations with velocities between 4.5 and 36.5 m/s (37). In two-dimensional shear layers, the 
comparison suggested that the air bubble turbulent diffusivity was of the same order of magnitude as 
the eddy viscosity. 
In long ventilated cavities as observed with high-velocity flows, analytical solutions of the air bubble 
diffusion were developed and successfully validated with laboratory data (38). The results were further 
integrated to predict the rate of interfacial air entrainment. The calculations were applied to ventilated 
cavities behind hydrofoils and  spillway aeration devices. 
                                                     
36CHANSON (1997, Academic Press). 
37For example, CHANSON (1996, Trans. IEAust), CHANSON (1995, Report CH46/95), CHANSON (1993, 
JHR-IAHR). 
38For example, CHANSON (1993, JHR-IAHR), CHANSON (1991, JHR-IAHR). 
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In self-aerated open channel flows, the observed drag reduction process may be explained in terms of 
a modification of the 'viscous' sublayer caused by the presence of air bubbles next to the boundary 
(39). It was proposed that the presence  of air next to the bottom increases the effective viscosity of the 
mixture and the sublayer thickness. The drag reduction model was compared successfully with model 
and prototype data. With high-head spillways, the drag reduction could lead to greater flow velocities, 
greater energy dissipation at the downstream end of the chute and higher risks of cavitation erosion. 
The new model assists in predicting accurately the associated risks. 
A second series of results were developed for air bubble entrainment at the impact of a liquid jet with 
a pool of liquid : i.e., plunging jet flows. In plunging liquid jets (circular and two-dimensional), 
analytical calculations of the advective diffusion of air bubbles were presented for developing and 
fully-developed flows (40). The developments were compared successfully with existing circular 
plunging jet data and new planar plunging jet work. The study highlighted two mechanisms of air 
entrainment at the impingement point depending upon the jet impact velocity (41). Results suggested 
that the dispersion of air bubbles within the shear layer is primarily an advective diffusion process (42). 
The study was refined with detailed measurements in the very-near flow field which highlighted some 
slip between the main jet and the induction trumpet flow (43). 
In hydraulic jumps, the air bubble diffusion in the shear layer may be approximated by the same 
analytical solution as for plunging jet flows (44). New measurements validated the work and they 
confirmed a further analogy between air-water jump flow and monophase wall jets (45). 
                                                     
39For example, CHANSON (1995, AFMC), CHANSON (1994, JHR-IAHR). 
40For example, CHANSON and BRATTBERG (1998, ICMF), CUMMINGS and CHANSON (1997, JFE-
ASME), CHANSON (1995, Report CH46/95). 
41CUMMINGS and CHANSON (1997, JFE-ASME), CHANSON and CUMMINGS (1994, IJMF). 
42CHANSON and BRATTBERG (1998, ICMF), CUMMINGS and CHANSON (1997, JFE-ASME), 
CHANSON (1995, Report CH46/95). 
43CHANSON and BRATTBERG (1998, ASME Symp). 
44For example, CHANSON (1995, IJMF). 
45CHANSON and BRATTBERG (1997, Report CH48/97). 
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Numerical work 
Numerical computations may be used in complicated flow situations when analytical solutions are not 
achievable. A critical requirement of numerical models is a solid validation process, and the need for 
accurate experimental (or analytical) data to validate the model for a range of flow conditions. This 
approach has been very slow in gas-liquid flows because of the absence of reliable data. 
The writer developed a series of numerical models for air-water flows. In open channel flows, the 
presence of air within the flow increases not only the bulk of the flow but the aeration may prevent or 
reduce cavitation damage in high-head chutes. A pseudo two-dimensional {x, y} model was developed 
and the computations were validated with chute and tunnel spillway data (46). The model was derived 
to predict the flow properties downstream of spillway aeration devices (47). The computations can 
model the flow parameters at any point downstream of an aerator and the results assist in predicting 
the need for further aeration systems. A computational model was jointly developed to predict the 
energy dissipation in plunging breakers and the associated bubble entrapment (48). The model was 
validated with laboratory observations and showed that the rate of energy dissipation at each breaker 
was about 20 to 60%. 
The writer made a significant contribution in modelling air-water gas transfer in open channel flows 
and breaking waves (49). In open channels, the air-water interface area was deduced from the air-water 
flow properties and the aeration performances were numerically integrated using a mass transfer 
equation (50). The results were compared with prototype data and they showed the strong re-
                                                     
46For example, CHANSON (1993, JHE-ASCE). 
47For example, CHANSON (1989, JHR-IAHR). 
48CHANSON and LEE (1997). 
49For example, CHANSON (1995, Proc Instn Civ Eng), CHANSON and CUMMINGS (1994, Mar Tech Soc 
Jl), CHANSON (1994, Wat. Res.), CHANSON (1993, IAHR Conf). 
50CHANSON (1995, Proc Instn Civ Eng), CHANSON (1994, Wat. Res.), CHANSON (1993, IAHR Conf). 
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oxygenation potential of chutes (51). Practical applications include re-oxygenation efficiency 
calculations for weirs and spillways. Another model was developed to predict air-water gas transfer 
resulting from breaking waves. The sizes of bubbles entrained by plunging breakers, the resulting 
interface area, the bubble penetration depth and the air-water gas transfer were computed. The results 
were compared with field observations and they emphasised the role of plunging breaking waves 
during storm events and their contribution to air-sea mass transfer (52). 
 
Concluding comments 
The writer's thrust was focused on the improvement of rivers, waterways and oceans deriving from a 
better knowledge of the "white water" (air-water) flow properties. For example, it is acknowledged 
that gas bubble entrainment by plunging breaking waves contribute significantly to the air-sea 
interaction process and the "greenhouse effect". Similarly re-oxygenation cascades were successfully 
introduced in rivers and waterways to rise the dissolved oxygen levels to acceptable levels. The re-
oxygenation technique is based on the air-water mass transfer of air bubbles entrained within the 
cascading flow, but no quantitative design method is reliable. One must recognise that scientific 
progresses have been slow. 
Overall the writer has contributed to a better understanding of the basic mechanisms of air bubble 
entrainment, to an improved knowledge of the air-water turbulent shear flow field and to a better grasp 
of the gas bubble/turbulence interactions. Progresses were made in the awareness of similarity 
between several flow situations : e.g., the analogy between air-water and sediment-laden flows, drag 
reduction in self-aerated flows and in dilute polymer solutions. Qualitative progresses were made in 
understanding the bubble breakup process and the production of high gas-liquid interfacial areas. 
It must be recognised however that a complete understanding of the flow field associated with 
quantitative predictions of air-water gas transfer has not been achieved yet. The writer's works have 
highlighted the complexity of the problem and he hoped to pave the way for future researchers. 
                                                     
51For example, RINDELS and GULLIVER (1989, St Anthony Falls Hydraulic Laboratory Project Report, No. 
266). 
52For example, CHANSON and CUMMINGS (1994, Mar. Tech. Soc. Jl). 
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Summary of Publications 
 
Publications 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 Total 
Books        1  1 (1) 2 (1) 
Journals  3 1 1 1 6 8 7 6 8 7 (5) 48 (5) 
Conferences   1  1 2 4 3 1 1 4 17 
Discussions and closures   1  3  2 7 5 2 2 (2) 22 (2) 
Electronic database         1 1  2 
Research Reports 1    3 2 2 5 3 4 1 (1) 21 (1) 
Other publications 1    1 2 1  1 7 3 16 
             
TOTAL : 2 3 3 1 9 12 17 23 17 24 17 (9) 124 (9) 
 
Note : Numbers in brackets refer to papers accepted for publication. 
 
 
Books 
CHANSON, H. (1999). "The Hydraulics of Open Channel Flows : An Introduction." Edward Arnold, 
London, UK, 448 pages (ISBN 0 340 74067 1). 
Reviews of the draft material 
BAKER, C. (1998), Review for Edward Arnold, University of Nottingham, UK. 
 "The subjects covered match our final year quite well - but probably goes rather deeper." 
LYN, D.A. (1998), Review for Edward Arnold, Purdue University, USA. 
 "I am quite sure that I would be satisfied by the proposed book [...]. I think that the most interesting 
aspect of the proposed book might be part 4 [...]." 
CABREARA, E. (1998), Review for Edward Arnold, Polytechnic University of Valencia, Spain. 
 "From the description the book looks very attractive. [...] There are very few works on open 
channel flow: the classical texts from over thirty years and a new one written by Chaudhry [...]. 
29 
The book of Chaudhry appears to take more attention to numerical aspects, and this new one looks 
to give more attention to physical and bsic knowledge. It is really a different view of the problem." 
GANOULIS, J. (1998), Review for Edward Arnold, Aristotle University of Thessaloniki, Greece. 
 "The content of the book match very well my course." 
 
CHANSON, H. (1997). "Air Bubble Entrainment in Free-Surface Turbulent Shear Flows." Academic 
Press, London, UK, 401 pages (ISBN 0-12-168110-6). 
Reviews 
PEREGRINE, D.H. (1998), Journal of Fluid Mechanics, Vol. 357, pp. 380-381. 
 "A succinct phrase to describe the topic of this book is 'white water' [...]. 
 For each type of flow there is a description of the fluid flow pattern followed by a summary of 
available measurements. [...] The author is concerned in ensuring readers are aware of the 
difficulties associated with the extrapolation of data from experiment to prototype. [...] 
 Interesting results appear in the comparisons with experiments and with the corresponding single-
phase shear flows. 
 The author has served a useful purpose in bringing so much material together on this topic. [...] 
 Overall this is a book with a very practical base but one that should also interest researchers, since, 
unlike most textbooks which present that which is known and understood, this book presents many 
flow features that are worthy of further study." 
WOOD, I.R. (1997), Journal of Hydraulic Engineering, ASCE, Vol. 123, No. 12, p. 1176. 
 "High speed air-water flows are important to engineers in almost all disciplines and Hubert 
Chanson has produced an excellent book that summarises and analyses the experimental data that 
is available to date. This is a great service to the profession [...]. It will be referred to by a range of 
Chemical, Civil, Environmental, Mechanical and Mining engineers and will be required reading for 
anyone doing research in this area. The book is well written and illustrated. [...] 
 For an active research worker it is great that [...] general results are drawn together. [...] 
 In summary, this is a well written book on a very difficult subject. It gives a clear development of 
the present state of the art and should be required reading for people doing research in this area." 
Electronic review (Netsite : http://www.amazon.com) : 
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 "Avg. Customer Review: . 
 Excellent book on this subject. [...] Having a scientific background, the book is well written and 
easy for the engineer/scientist of average experience and training to understand. [..] I enjoyed 
skimming this book" 
 
CHANSON, H. (1995). "Hydraulic Design of Stepped Cascades, Channels, Weirs and Spillways." 
Pergamon, Oxford, UK, Jan., 292 pages (ISBN 0-08-041918-6). 
Reviews 
RAJARATNAM, N. (1995), Journal of Hydraulic Engineering, ASCE, Vol. 121, No. 12, p. 923. 
 "This book by Chanson presents a comprehensive treatment of stepped channels and spillways in 
nine chapters. [...] 
 On the whole, Chanson has written a very interesting book on a subject that is attracting a great 
deal of interest [...]. This book would be very useful for hydraulic engineers connected with the 
design of dams and chutes. [...] 
 This book provides and extensive list of references on stepped spillways and chutes along with 
several appendices dealing with the hydraulics of drops and air entrainment. The book also 
provides several worked examples." 
DE JONG, R.J. (1996), Journal of Hydraulic Research, IAHR, Vol. 34, No. 2, p. 259. 
 "This book is very much about stepped channels and chutes and contains a wealth of knowledge on 
these subjects. [...] 
 The book is well documented [...]. Its provides an overview of many examples including the 
relevant characteristics, descriptions and theoretical backgrounds of types of flow [...], the related 
areas of applications, possibilities as regards models and their scaling effect. [...] 
 The book should be studied with great attention and perhaps more than once if only to fully grasp 
its wealth of details before one begins applying this knowledge, but this is certainly not an 
unpleasant activity. I was pleased to feel that the author does all he can to assist the reader in 
coming to grips with the material by showing results in graphical form, adding comments to results 
and also giving examples of how to do calculations while in the process of making a design. [...] 
31 
 I am happy to have read the book and I can recommend it to those colleague active in this field of 
spillway research and design." 
Booknews, Inc. , 10/01/95 (Netsite : http://www.amazon.com/exec/obidos/ASIN/0080419186/002-3434020-9194622) 
 Chanson (hydraulics and environmental engineering) briefly reviews the 2,500-year history of 
using stepped channels and spillways to distribute the energy of a flow along the channel and thus 
reduce the energy at the bottom; and in water treatment plants to enhance the air-water transfer of 
atmospheric gasses and volatile organic components. He then describes the hydraulics of the two 
possible flow regimes, nappe and skimming; the effects of flow aeration and air bubble entrapment; 
the process of gas transfer; examples of the various types and designs of stepped flows; and the 
accidents and risks involved with the higher hydrodynamic forces on the step faces than on smooth 
chute bottoms. Annotation copyright Book News, Inc. Portland, Or.  
 
 
Refereed papers (journals) 
CHANSON, H. (1998). "Le Développement Historique des Cascades et Fontaines en Gradins." 
('Historical Development of Stepped Cascades and Fountains.') Jl La Houille Blanche, No. 7/8, pp. 
76-84 (ISSN 0018-6368) (in French). 
CHANSON, H. (1998). "Les Barrages Oubliés de Nouvelles Galles du Sud." ('The Forgotten Dams in 
New South Wales.') Annales des Ponts et Chaussées, Ingénieur Science Société, No. 86, May, pp. 
10-20 (ISSN 0152-9668) (in French). 
CHANSON, H., and MONTES, J.S. (1998). "Overflow Characteristics of Circular Weirs : Effect of 
Inflow Conditions." Jl of Irrigation and Drainage Engrg., ASCE, Vol. 124, No. 3, pp. 152-162 
(ISSN 0733-9437). 
CHANSON, H., and JAMES, P. (1998). "Rapid Reservoir Sedimentation of Four Historic Thin Arch 
Dams in Australia." Jl of Performance of Constructed Facilities, ASCE, Vol. 12, No. 2, May, pp. 
85-92. Errata : Vol. 12, No. 3, p.169 (ISSN 0887-3828). 
MONTES, J.S., and CHANSON, H. (1998). "Characteristics of Undular Hydraulic Jumps. Results and 
Calculations." Jl of Hyd. Engrg., ASCE, Vol. 124, No. 2, pp. 192-205 (ISSN 0733-9429). 
32 
CHANSON, H. (1998). "A Review of the Overflow of Inflatable Flexible Membrane Dams." Aust. 
Civil/Struct. Engrg Trans., I.E.Aust., Vol. CE41, No.2 & 3, pp. 107-116 (ISSN 0819-0259). 
CHANSON, H. (1998). "Stepped Spillways. Part 2." Engineering Update, Queensland Division, Inst. 
of Eng., Australia, Vol. 6, No. 1, Jan./March, Technical Paper No. 3, pp. 9-14. 
CHANSON, H. (1997). "Stepped Spillways. Part 1." Engineering Update, Queensland Division, Inst. 
of Eng., Australia, Vol. 5, No. 4, Dec., Technical Paper No. 10, pp. 7-12. 
CUMMINGS, P.D., and CHANSON, H. (1997). "Air Entrainment in the Developing Flow Region of 
Plunging Jets. Part 1 Theoretical Development." Jl of Fluids Eng., Trans. ASME, Vol. 119, No. 3, 
pp. 597-602 (ISSN 0098-2202). 
CUMMINGS, P.D., and CHANSON, H. (1997). "Air Entrainment in the Developing Flow Region of 
Plunging Jets. Part 2 : Experimental." Jl of Fluids Eng., Trans. ASME, Vol. 119, No. 3, pp. 603-
608 (ISSN 0098-2202). 
CHANSON, H. (1997). "Air-water Flows in Partially-Filled Conduits." Jl of Hyd. Res., IAHR, Vol. 
35, No. 5, pp. 591-602 (ISSN 0022-1686). 
CHANSON, H. (1997). "A Short History of Stepped Cascades in Australia." ANCOLD Bulletin, No. 
106, Aug., pp. 101-111 (ISSN 0045-0731). 
CHANSON, H., and LEE, J.F. (1997). "Plunging Jet Characteristics of Plunging Breakers." Coastal 
Engineering, Vol. 31, No. 1-4, July, pp. 125-141 (ISSN 0378-3839). 
CHANSON, H. (1997). "Measuring Air-Water Interface Area in Supercritical Open Channel Flow." 
Water Res., IAWPRC, Vol. 31, No. 6, pp. 1414-1420 (ISSN 0043-1354). 
CHANSON, H. (1997). "Air Bubble Entrainment in Open Channels. Flow Structure and Bubble Size 
Distributions." Intl Jl of Multiphase Flow, Vol. 23, No. 1, pp. 193-203 (ISSN 0301-9322). 
CHANSON, H. (1996). "Free-Surface Flows with Near-Critical Flow Conditions." Can Jl of Civ. 
Eng., Vol. 23, No. 6, pp. 1272-1284 (ISSN 0315-1468). 
CHANSON, H., and WHITMORE, R.L. (1996). "The Stepped Spillway of the Gold Creek Dam (built 
in 1890)." ANCOLD Bulletin, No. 104, Dec., pp. 71-80 (ISSN 0045-0731). 
CHANSON, H. (1996). "Air Bubble Entrainment in Turbulent Water Jets Discharging into the 
Atmosphere." Aust. Civil Engrg Trans., I.E.Aust., Vol. CE39, No. 1, Sept., pp. 39-48 (ISSN 0819-
0259). 
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CHANSON, H. (1996). "Hydraulic characteristics of Undular Hydraulic Jumps" Jl of Chinese Inst. of 
Civil and Hydraulic Eng., Trans. of Chin. Inst. of Eng., Series D, Vol. 8, No. 3, Sept., pp. 477-482 
(ISSN 1015-5856). 
CHANSON, H. (1996). "Prediction of the Transition Nappe/Skimming Flow on a Stepped Channel." 
Jl of Hyd. Res., IAHR, Vol. 34, No. 3, pp. 421-429 (ISSN 0022-1686). 
CHANSON, H. (1995). "Air Entrainment in Two-dimensional Turbulent Shear Flows with Partially 
Developed Inflow Conditions." Intl Jl of Multiphase Flow, Vol. 21, No. 6, pp. 1107-1121 (ISSN 
0301-9322). 
CHANSON, H. (1995). "Ressaut Hydraulique Ondulé : Mythes et Réalités." ('Undular Hydraulic 
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Australia, Canberra, Australia, 19 pages (in French). (also Agence pour la Diffusion de 
l'Information Technologique, 2 r. Brûlée, F67000 Strasbourg) 
CHANSON, H. (1993). "Some Characteristics of Undular Hydraulic Jumps." Intermediary Report, 15 
Apr., Dept. of Civil Engineering, University of Queensland, Australia, 16 pages. 
CHANSON, H. (1992). "Des Scientifiques Français en Australie : un Ingénieur en Génie Civil." 
('French Scientists in Australia : a Civil Engineer.') Bulletin d'Actualité Scientifique et Technique 
44 
en Australie, No. 37, Nov.-Dec., Embassy of France in Australia, Canberra, Australia, pp. 77-78 (in 
French). 
CHANSON, H. (1988). "L'Equipement Hydro-électrique de la Nouvelle-Zélande." ('The Hydro-
Electric Power Stations in New Zealand.') Report for the Overseas Trade Commission, Alpes 
Région, Sept., Grenoble, France (in French). 
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REVIEWING ACTIVITIES 
 
Dr H. CHANSON has had a significant contribution to the engineering culture through his reviewing 
activities. Between 1991 and 1998, he reviewed sections of two major books, and he contributed to 
reviews for six international refereed journals and several international conferences. 
 
Book Reviews 
VISCHER, D., and HAGER, W.H. (1998). "Dam Hydraulics." John Wiley, New York, USA, 316 
pages. Review of Chapter 2, Jan. 1995. 
MONTES, J.S. (1998). "Hydraulics of Open Channel Flow." ASCE Press, New-York, USA, 697 
pages. Review of Chapter 4 in Dec. 1993. 
 
Reviews for the Journal of Fluid Mechanics (UK) (ISSN 0022-1120) 
 
Reviews for the Journal of Fluids Engineering, American Society of Mechanical 
Engineering (ISSN 0098-2202) 
 
Reviews for the Journal of Hydraulic Engineering, American Society of Civil Engineers 
(ISSN 0733-9429) 
 
Review for Chemical Engineering Science (ISSN 0009-2509) 
 
Review for Water Science and Technology (ISSN 0273-1223) 
 
Reviews for the Canadian Journal of Civil Engineering (ISSN 0315-1468) 
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Review for the 1999 IAHR Biennal Congress, International Association for Hydraulic 
Research (Graz, Austria) 
 
Review for the 1997 IAHR Biennal Congress, International Association for Hydraulic 
Research and American Society for Civil Engineers (San Francisco, USA) 
 
Reviews for the 1994 International Conference on Hydraulics in Civil Engineering, 
Institution of Engineers, Australia (Brisbane, Australia) (ISBN Book 85825 5979) 
 
Future involvement 
Member of the International Scientific Committee, 8th International Symposium on Stochastic 
Hydraulics (ISSH'2000), Beijing, July 25-27, 2000. 
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PUBLICATIONS 
 
CHANSON, H. (1997). "Air Bubble Entrainment in Free-Surface Turbulent Shear 
Flows." Academic Press, London, UK, 401 pages (ISBN 0-12-168110-6). 
 
The book was prepared in 1995 and 1996, and published early 1997. It contains predominantly new 
original analytical model, new experimental results, a critical comparison with existing works and a 
review of the state of the art on the subject. 
 
The book covers three major topics : 
- air bubble entrainment by plunging jet flows, 
- air bubble entrainment in open channel flows, 
- air bubble entrainment in high-velocity water jets. 
In addition there a comparative analysis of the different air-water flow situations. 
 
The book was reviewed by two major international journals (Journal of Fluid Mechanics & Journal of 
Hydraulic Engineering ASCE), and by one electronic publisher (Amazon) : 
 
PEREGRINE, D.H. (1998), Journal of Fluid Mechanics, Vol. 357, pp. 380-381. 
 "A succinct phrase to describe the topic of this book is 'white water' [...]. 
 For each type of flow there is a description of the fluid flow pattern followed by a summary of 
available measurements. [...] The author is concerned in ensuring readers are aware of the difficulties 
associated with the extrapolation of data from experiment to prototype. [...] 
 Interesting results appear in the comparisons with experiments and with the corresponding 
single-phase shear flows. 
 The author has served a useful purpose in bringing so much material together on this topic. 
[...] 
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 Overall this is a book with a very practical base but one that should also interest researchers, 
since, unlike most textbooks which present that which is known and understood, this book presents 
many flow features that are worthy of further study." 
 
WOOD, I.R. (1997), Journal of Hydraulic Engineering, ASCE, Vol. 123, No. 12, p. 1176. 
 "High speed air-water flows are important to engineers in almost all disciplines and Hubert 
Chanson has produced an excellent book that summarises and analyses the experimental data that is 
available to date. This is a great service to the profession [...]. It will be referred to by a range of 
Chemical, Civil, Environmental, Mechanical and Mining engineers and will be required reading for 
anyone doing research in this area. The book is well written and illustrated. [...] 
 For an active research worker it is great that [...] general results are drawn together. [...] 
 In summary, this is a well written book on a very difficult subject. It gives a clear 
development of the present state of the art and should be required reading for people doing research in 
this area." 
 
Electronic review (Netsite : http://www.amazon.com) : 
 "Avg. Customer Review: . 
 Excellent book on this subject. [...] Having a scientific background, the book is well written 
and easy for the engineer/scientist of average experience and training to understand. [..] I enjoyed 
skimming this book" 
 
The book is available in numerous libraries in Australia and overseas (ISBN 0-12-168110-6). At the 
University of Queensland, the book is available at the Engineering (PSE) Library (Ref. Number 
TA357.5.T87 C46 1996). 
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CHANSON, H., and BRATTBERG, T. (1998). "Air Entrainment by Two-Dimensional 
Plunging Jets : the Impingement Region and the Very-Near Flow Field." Proc. 1998 
ASME Fluids Eng. Conf., FEDSM'98, Washington DC, USA, June 21-25, Paper 
FEDSM98-4806, 8 pages (ISBN 0 7918 1950 7). 
 
The paper was the written contribution of an invited keynote lecture at the 1998 ASME Fluids 
Engineering Symposium on Flow Aeration. Dr CHANSON was invited by the Symposium Chairmen 
(Professors R. ARNDT and A. PROSPERETTI) and the lecture was delivered on 22 June 1998 : 
 
Keynote lecture at the 1998 ASME Fluids Engineering Symposium on Flow Aeration : "Air 
entrainment by plunging jets : the impingement region and the very-near flow field", 21-25 June 1998, 
Washington DC, USA. 
 
The study analyses the impingement region and developing flow region of liquid plunging jets. The 
results provide a new understanding of the singularity region at the impingement of water jet with the 
receiving pool of water. The set of results is unique and it brings new lights on the singularity flow 
patterns. 
 
The paper was cowritten by H. CHANSON and his Ph.D. student T. BRATTBERG. 
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BRATTBERG, T., TOOMBES, L., and CHANSON, H. (1998). "Developing Air-Water 
Shear Layers of Two-Dimensional Water Jets Discharging into Air." Proc. 1998 ASME 
Fluids Eng. Conf., FEDSM'98, Washington DC, USA, June 21-25, Paper FEDSM98-
4805, 7 pages (ISBN 0 7918 1950 7). 
 
The paper presents new experiments performed in the developing flow region of two-dimensional 
water jets discharging into air. The results indicate that the distributions of void fraction follow closely 
an analytical solution of the diffusion equation, and that the transfer of momentum between the water 
jet and the surrounding air is negligible for x/do < 20. An analogy with self-aerated open channel 
flows is further developed. The distributions of air bubble frequency have the same shape for both 
flow situations suggesting some similarity in the air-water flow structure. 
 
The paper was co-authored by H. CHANSON, T. BRATTBERG and L. TOOMBES. T. 
BRATTBERG and L. TOOMBES are Ph.D. students under the supervision of Dr H. CHANSON. The 
paper developed a parallel between the experimental investigations of T. BRATTBERG (vertical jet 
flow) and of L. TOOOMBES (horizontal nappe flow). The similarity analysis was developed by H. 
CHANSON based on the experimental data collected by his students. The paper was presented by L. 
TOOMBES at the ASME conference. 
 
51 
CHANSON, H., and BRATTBERG, T. (1998). "Entrainment, Dispersion and Diffusion 
of Air Bubbles by Plunging Water Jet." Proc. 3rd Intl Conf. Multiphase Flow, ICMF'98, 
Lyon, France, Session 2.2.6, Paper No. 120, 6 pages. 
 
The paper presents an extensive series of new experimental results, performed in a two-dimensional 
plunging jet to observe the flow conditions at impingement. Two mechanisms of air entrainment were 
visualised : air bubble entrainment by elongated air cavity and by foam bubbles. After 
entrapment/entrainment, the breakage of entrained air bubbles depends critically upon the initial 
bubble size. 
 
A comparison is developed with previous work at the University of Queensland (CUMMINGS and 
CHANSON 1997) and works performed at Toulouse, France (ROIG 1993). 
 
The paper was cowritten by H. CHANSON and his Ph.D. student T. BRATTBERG, and presented by 
H. CHANSON. 
 
52 
CHANSON, H., and TOOMBES, L. (1998). "Air-Water Flow Structures at an Abrupt 
Drop with Supercritical Flow." Proc. 3rd Intl Conf. Multiphase Flow, ICMF'98, Lyon, 
France, Session 2.2.5, Paper No. 119, 6 pages. 
 
The paper presents new experimental data obtained in a 0.5-m wide stepped channel. The flow is 
issued from an elliptical nozzle and the drop (0.131 m high) is located 2.4 m downstream of the 
nozzle. The early investigations showed the presence of three-dimensional air-water structures (shock 
waves, standing waves, spray) which have been subsequently investigated using a conductivity probe. 
The study has direct application in the design of storm waterways, dam outlets and water treatment 
plants. At an abrupt drop the open channel flow is characterised by a substantial flow aeration (i.e. 
'white water') and the results provide new information on the air-water flow characteristics. 
 
The paper was cowritten by H. CHANSON and his Ph.D. student L. TOOOMBES, and presented by 
H. CHANSON. 
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CUMMINGS, P.D., and CHANSON, H. (1997). "Air Entrainment in the Developing 
Flow Region of Plunging Jets. Part 1 Theoretical Development." Jl of Fluids Eng., 
Trans. ASME, Vol. 119, No. 3, pp. 597-602 (ISSN 0098-2202). 
CUMMINGS, P.D., and CHANSON, H. (1997). "Air Entrainment in the Developing 
Flow Region of Plunging Jets. Part 2 : Experimental." Jl of Fluids Eng., Trans. ASME, 
Vol. 119, No. 3, pp. 603-608 (ISSN 0098-2202). 
CUMMINGS, P.D., and CHANSON, H. (1997). "Air Entrainment in the Developing 
Flow Region of Plunging Jets. Extended Electronic Manuscript." Jl of Fluids 
Engineering - Data Bank, ASME (Internet address : http://scholar.lib.vt.edu/ejournals/) (Electronic Files : 
6,904 kBytes) (ISSN 0098-2202). 
 
This series of three contributions was co-authored by Dr Hubert CHANSON and his former Ph.D. 
student Dr P.D. CUMMINGS. The work derived from the experimental study undertaken by Dr 
CUMMINGS under the supervision of H. CHANSON, and it includes new original developments by 
H. CHANSON. 
 
The papers provide new original material on the developing flow region of vertical plunging water 
jets. They include also a critical review of the state of the art. The results of the study have become a 
basic reference for many researchers and scientists. 
 
For completeness, it may be added that one paper (only) was submitted to the Journal of Fluids 
Engineering initially. The Journal Editor (Professor Demetri P. TELIONIS) and the Associate Editor 
(Professor Owen JONES) advised to expand the material and to present two full journal papers and 
one electronic submission. 
 
54 
CHANSON, H. (1997). "Air-water Flows in Partially-Filled Conduits." Jl of Hyd. Res., 
IAHR, Vol. 35, No. 5, pp. 591-602 (ISSN 0022-1686). 
 
The paper develops a new analysis of experimental work performed in Switzerland by Dr VOLKART 
(1980, 1982, 1985). 
 
The analysis presents a  similarity with air water flows in open channels. The study provides a new 
method to predict the complete air-water flow properties in partially-filled conduits. The results may 
be further extended to other forms of gas-liquid flows : e.g., oil-gas partially-filled pipes. 
 
55 
CHANSON, H., and LEE, J.F. (1997). "Plunging Jet Characteristics of Plunging 
Breakers." Coastal Engineering, Vol. 31, No. 1-4, July, pp. 125-141 (ISSN 0378-3839). 
 
The study presents new experimental results which are compared with computational work. It 
combines a traditional wave mechanics approach with a new understanding of gas-bubble entrainment 
processes in plunging breakers. The results of the study have direct applications in the air-sea 
interaction processes. 
 
The paper was co-authored with Professor LEE Jaw-Fang (NCKU). The work was done during a 
Special Study Program at the National Cheng Kung University (Taiwan R.O.C.), in the Department of 
Hydraulics and Ocean Engineering. 
 
56 
CHANSON, H. (1997). "Measuring Air-Water Interface Area in Supercritical Open 
Channel Flow." Water Res., IAWPRC, Vol. 31, No. 6, pp. 1414-1420 (ISSN 0043-1354). 
 
The study describes new experimental results on the air-water flow and air-water interface area in free-
surface flows. Even with a small amount of entrained air, the specific air-water interface area may 
reach over 100 m2 per unit volume of air and water. The result confirm the significant contribution of 
air entrainment to air-water gas transfer in supercritical chute flows, including storm waterways and 
dam outlets. 
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CHANSON, H. (1997). "Air Bubble Entrainment in Open Channels. Flow Structure and 
Bubble Size Distributions." Intl Jl of Multiphase Flow, Vol. 23, No. 1, pp. 193-203 (ISSN 
0301-9322). 
 
The paper presents new experimental results on the bubbly flow structure, the high-air-content region 
at the free-surface, air-water projections and foam structures in free-surface aerated open channel 
flows. The results provides unique information on the void fraction distributions, the distributions of 
mean air-water velocities and the bubble chord length distributions. 
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CHANSON, H., and BRATTBERG, T. (1997). "Experimental Investigations of Air 
Bubble Entrainment in Developing Shear Layers." Report CH48/97, Dept. of Civil 
Engineering, University of Queensland, Australia, Oct., 309 pages (ISBN 0 86776 748 0). 
 
This 309-page long document summarises two years of experimental work on air bubble entrainment 
by plunging jet. The experimental data were collected as part of the Ph.D. project of Mr T. 
BRATTBERG under the supervision of H. CHANSON. The first author conducted the data analysis 
and the comparison with other studies. 
 
The monograph is available at the University of Queensland library (Call number : TC1.U56). 
 
59 
CHANSON, H. (1996). "Air Bubble Entrainment in Turbulent Water Jets Discharging 
into the Atmosphere." Aust. Civil Engrg Trans., I.E.Aust., Vol. CE39, No. 1, Sept., pp. 
39-48 (ISSN 0819-0259). 
 
The study investigates high-velocity water jets discharging into air. The flow is characterised by free-
surface aeration along the jet interfaces. and the air entrainment is analysed in terms of air bubble 
diffusion. New analytical solutions of the void fraction profiles are developed for circular jets and 
two-dimensional jets. The equations are successfully compared with experimental data for both jet 
configurations with velocities between 4.5 and 36.5 m/s. For two-dimensional free-shear layers, the 
results imply air bubble turbulent diffusivity of the same order of magnitude as the eddy viscosity. 
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CHANSON, H., and BRATTBERG, T. (1996). "Air-Water Bubbly Flow in Free-Shear 
Layers." Proc. 1996 ASME Fluids Eng. Conf., San Diego, USA, ASME-FED Vol. 236, 
Vol. 1, pp. 357-364 (ISBN 0 7918 1791 1). 
 
Air bubble entrainment at a vertical supported plunging jet has been investigated experimentally. The 
study is focused on the developing shear layer below the entrainment point. The experimental data 
indicate that the advective diffusion of air bubbles is little affected by the shear flow. The symmetry 
axis of the air diffusion layer is only slightly shifted outwards. The air-water velocity data indicate that 
the shape of the velocity distribution is the same as for monophase flow. But the shear layer is shifted 
away from the support. The momentum shear layer is 'shifted outwards' in comparison with the air 
bubble diffusion layer. And it is consistently observed that y50 > YCmax > d1. Chord length 
distributions extend over a broad range (i.e. typically from 0.1 to 50 mm). Such a result is confirmed 
by photographic observations showing elongated air pockets (i.e. 'finger' shape) being entrainment by 
instabilities and re-entrant jet at the entrainment point. 
 
The paper was cowritten by H. CHANSON and his Ph.D. student T. BRATTBERG, during the early 
stages of his project. The paper was presented by H. CHANSON. 
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CHANSON, H. (1995). "Air Entrainment in Two-dimensional Turbulent Shear Flows 
with Partially Developed Inflow Conditions." Intl Jl of Multiphase Flow, Vol. 21, No. 6, 
pp. 1107-1121 (ISSN 0301-9322). 
 
The paper presents a complete analogy between vertical plunging jets and (horizontal) hydraulic 
jumps. The mechanisms of air bubble entrainment are presented. The air bubbles are entrained at the 
impingement into a turbulent developing shear layer and strong interactions take place between the air 
bubble advection/diffusion process and the momentum shear region. New air-water flow experiments 
were conducted with two free shear layer flows : a vertical supported jet and a horizontal hydraulic 
jump. The inflows were partially developed boundary layers, characterised by the presence of a 
velocity potential core next to the entrapment point. In both cases, the distributions of air 
concentration exhibit a Gaussian distribution profile with an exponential longitudinal decay of the 
maximum air content. Interestingly, the location of the maximum air content and the half-value band 
width are identical for both flow situations : i.e., independent of buoyancy effects. 
 
62 
CHANSON, H. (1995). "Air-Water Gas Transfer at Hydraulic Jump with Partially 
Developed Inflow." Water Res., IAWPRC, Vol. 29, No. 10, pp. 2247-2254 (ISSN 0043-1354). 
 
The paper develops a new analysis of the air-water gas transfer at a hydraulic jump. The flow field is 
characterised by large scale turbulence, air bubble entrainment and energy dissipation. The author has 
investigated the air bubble entrainment at hydraulic jumps with partially developed inflow conditions. 
The air-water flow is characterised by a turbulent shear region with a large air content which 
contributes to the enhancement of the air-water interface area and air-water gas transfer in the 
hydraulic jump. A new gas transfer model is presented based upon physical evidences. The model 
enables to predict the dissolved gas contents and water quality downstream of hydraulic jumps with 
partially developed inflows. The results are successfully compared with prototype and laboratory data. 
 
63 
CHANSON, H. (1995). "Predicting the Filling of Ventilated Cavities behind Spillway 
Aerators." Jl of Hyd. Res., IAHR, Vol. 33, No. 3, pp. 361-372 (ISSN 0022-1686). 
 
This article analyses the conditions of cavity filling of air slots. Air slots are used to prevent cavitation 
damage to spillway surfaces. They serve to introduce air into the layers close to the channel bottom in 
order to reduce the cavitation erosion index. Under some circumstances, the air slot may be drowned 
out, will cease to protect the spillway surface and act potentially as a cavitation generator. The 
conditions of filling are re-analysed and an analytical model is proposed. Then experimental data for 
ten aerator geometries are reviewed. Depending upon the aerator geometry, the cavity filling occurs 
when the Froude number is less than a critical value or when the ratio of the flow depth over the total 
offset is larger than a characteristic value. 
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CHANSON, H. (1995). "Predicting Oxygen Content Downstream of Weirs, Spillways 
and Waterways." Proc. Instn Civ. Engrs Wat. Marit. & Energy, UK, Vol. 112, Mar., pp. 
20-30 (ISSN 0965-0946). 
 
In this paper, experimental data are re-analysed and compared with a new numerical method to predict 
the free-surface aeration and the air-water interface area. Aeration at hydraulic jumps is also examined 
and compared with existing correlations. Calculations of free-surface aeration and empirical 
correlations for hydraulic jump aeration are combined to predict the dissolved oxygen (DO) content 
downstream of weirs and spillways. Good agreement between calculations and prototype data is 
obtained. The results indicate that self-aeration might contribute to a large part of the oxygenation 
taking place at hydraulic structures for small water discharges. For large discharges, the reduction or 
the disappearance of free-surface aeration affects substantially the aeration efficiency. 
 
The paper was followed by a discussion by Professor P. NOVAK and a reply : 
NOVAK, P. & CHANSON, H. (1998). "Predicting Oxygen Content Downstream of Weirs, Spillways 
and Waterways. Closure." Proc. Instn Civ. Engrs Wat. Marit. & Energy, UK, Vol. 130, No. 2, pp. 
115-116 (ISSN 0965-0946). 
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CHANSON, H. (1995). "Air Bubble Diffusion in Supercritical Open Channel Flow." 
Proc. 12th Australasian Fluid Mechanics Conference AFMC, Sydney, Australia, R.W. 
BILGER Ed., Vol. 2, pp. 707-710 (ISBN 0 86934 034 4). 
 
The paper present a new analytical model of the air bubble dispersion/diffusion in open channels. The 
process, called 'white waters', is observed in supercritical turbulent flows. In the study, the air bubble 
diffusion process is analysed both analytically and experimentally in uniform equilibrium flows. The 
solution of the diffusion equation is compared with model and prototype data. The results indicate that 
the turbulent diffusivity is of the same order of magnitude as the momentum transfer coefficient (i.e. 
eddy viscosity.). However Dt/νT is larger on models than on prototype, suggesting that model 
investigations might not reproduce accurately the air bubble diffusion process. 
 
The paper was presented by H. CHANSON at the Australasia Fluid Mechanics Conference. An 
interesting discussion followed the presentation, between Professor I.R. WOOD, Dr M. BEHNIA and 
the writer. 
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CHANSON, H. (1995). "Air Bubble Entrainment in Hydraulic Jumps with Partially 
Developed Inflow Conditions." Proc. 26th IAHR Congress, London, UK, M.A. 
LESCHZINER Ed., Vol. 2, Paper 2C5, pp. 214-219 (ISBN 0-7277-2057-0). 
 
The paper develops the first results of an experimental study of air entrainment in hydraulic jumps. 
Hydraulic jumps are characterised by a strong air bubble entrainment at the jump toe. The 'advection' 
of air bubbles within the jump is a complex function of the upstream flow conditions. The air-water 
flow of hydraulic jumps with partially developed inflow is characterised by a turbulent shear region 
with a large air content which contributes to enhance the air-water gas transfer in the jump. The 
turbulent shear region exhibits a maximum air content which decays exponentially along the jump. 
The initial maximum air content is approximately proportional to the upstream flow velocity, and the 
rate of decay is a function of the upstream flow conditions. 
 
The paper was presented by H. CHANSON at the Biennial Congress of the International Association 
for Hydraulic Research. 
 
67 
LEE, J.F., and CHANSON, H. (1995). "Aeration Mechanism and Related Energy Loss 
in Plunging Breaking Waves." Report NSC 84-2611-E006-029, Dept. of Hydraulics and 
Ocean Eng., National Cheng Kung University, Taiwan R.O.C., Oct., 56 pages. 
 
The research report regroups experimental and computational data. It was co-written by Professor LEE 
Jaw-Fang (NCKU) and H. CHANSON while the second author was on special study leave at the 
Department of Hydraulics and Ocean Engineering, National Cheng Kung University, and Professor 
LEE was the host researcher. 
 
The main results were later published in an international refereed journal : 
CHANSON, H., and LEE, J.F. (1997). "Plunging Jet Characteristics of Plunging Breakers." Coastal 
Engineering, Vol. 31, No. 1-4, July, pp. 125-141 (ISSN 0378-3839). 
 
 
68 
CHANSON, H. (1995). "Air Bubble Entrainment in Free-surface Turbulent Flows. 
Experimental Investigations." Report CH46/95, Dept. of Civil Engineering, University of 
Queensland, Australia, June, 368 pages (ISBN 0 86776 611 5). 
 
Several cases of air-water free-surface flows are studied : a turbulent water jet discharging in the 
atmosphere, a self-aerated open channel flow, a plunging water jet, a hydraulic jump. Each geometry 
exhibits a high-velocity free-surface flow with a turbulent shear layer and large air bubble content. 
And the air-water mixture behaves as a homogeneous compressible fluid. 
 
This report presents several new experimental investigations of air-water flows with mean velocities 
up to 37 m/s and mean air contents up to 70%. All experimental data are given in a tabular form in the 
appendices. Using conductivity probes, air contents and mean velocities of air-water flows were 
recorded. Further air bubble size distributions were recorded in some cases. The results show a strong 
similarity between all the flow patterns. In each case the distributions of the air concentration (void 
fraction) can be approximated by a simple advective diffusion theory. New analysis is developed for 
each flow configuration and compared successfully with model and prototype data. The mean-velocity 
distributions have the same shape as for water flows. However the presence of air bubbles modifies 
some turbulence characteristics while the turbulence controls the mechanism of bubble breakup. 
 
The report was edited by H. CHANSON and published by the Department of Civil Engineering at the 
University of Queensland (Australia) with the ISBN number 0 86776 611 5. The chapters one to three 
and five to eight were written by H. CHANSON while chapter four was written by P.D. CUMMINGS. 
The appendices were prepared by H. CHANSON. Dr P.D. CUMMINGS was a Ph.D. student at the 
time under the supervision of H. CHANSON. 
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CHANSON, H., and CUMMINGS, P.D. (1994). "Effects of Plunging Breakers on the 
Gas Contents in the Oceans." Marine Technology Society Journal, Vol. 28, No. 3, pp. 22-
32 (ISSN 0025-3324). 
 
The study investigates the contribution of breaking waves to the transfer of oxygen, nitrogen and 
carbon dioxide between the ocean and the atmosphere. One type of breaking waves, the plunging 
breaker, can entrain large quantities of air bubbles to depths as large as 10 to 20 metres. The resulting 
increase of the air-water interface area and the increase of the gas saturation concentration with the 
depth induce a massive augmentation of air-water gas transfer. The aeration characteristics of plunging 
breakers in the deep sea are presented using a similarity with plunging jets. A method is developed to 
predict the sizes of the entrained bubbles, the resulting interface area, the maximum penetration depth 
and the air-water gas transfer. The results are consistent with experimental observations and emphasise 
the role of plunging breakers in the aeration process. The authors develop also a prediction model of 
the gas transfer rate due to plunging breaking waves in deep sea during a storm event. 
 
The paper was co-written with P.D. CUMMINGS, Ph.D. student under the supervision of the first 
author. 
 
71 
CHANSON, H. (1994). "Aeration and De-aeration at Bottom Aeration Devices on 
Spillways." Can. Jl of Civil. Eng., Vol. 21, No. 3, June, pp. 404-409 (ISSN 0315-1468). 
 
The paper reviews the operation of bottom aerators (i.e. air slots). Flows above air slot are 
characterised by large quantities of air entrained along the jet interfaces but also by a strong de-
aeration process near the impact of the water jet with the spillway bottom. In the paper, the aeration 
and de-aeration occurring respectively in the aeration region and in the impact region are reviewed. A 
re-analysis of air concentration data obtained on models provides information on the flow 
characteristics at the end of the impact region. These results enable an accurate initialisation of the 
downstream flow calculations using the method developed by CHANSON (1989, Jl of Hyd Res., No. 
4). 
 
72 
CHANSON, H. (1994). "Air-Water Interface Area in Self-Aerated Flow." Water Res., 
IAWPRC, Vol. 28, No. 4, pp. 923-929 (ISSN 0043-1354). 
 
This paper presents a method to estimate the air-water interface area in uniform self-aerated flows, 
with direct application to chutes and spillways. In air-water flows the presence of air bubbles within 
the flow increases substantially the amount of air-water interface area and enhances the air-water 
transfer of atmospheric gases (e.g. nitrogen and oxygen). It is shown that the interface area is a 
function of the channel slope, discharge and roughness height only. The results provide a simple 
estimation of the air-water interface area and hence enable more accurate calculations of air-water gas 
transfer in hydraulic structures. 
 
73 
CHANSON, H. (1994) "Drag Reduction in Open Channel Flow by Aeration and 
Suspended Load." Jl of Hyd. Res., IAHR, Vol. 32, No. 1, pp. 87-101 (ISSN 0022-1686). 
 
In supercritical open channel flows air is entrained at the free surface and the air-water flows exhibit 
smaller friction losses than non-aerated flows. The study provides a new understanding of the drag 
reduction process. An analogy with dilute polymer solutions and micro bubble modified boundary 
layers is developed and a parallel with sediment laden flows is also presented. 
 
The paper presents a comprehensive review of the subject, a new analysis based on the state of the art, 
and it illustrates the application of fundamental fluid dynamics to open channel hydraulics. It has 
direct applications to spillways, flood flows and storm waterways. 
 
The writer received several comments on this paper, suggesting that it is an important contributions to 
the research and professional community : e.g., Professors P. LARSEN, N. RAJARATNAM, WANG 
Z., I.R. WOOD. 
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CHANSON, H., and CUMMINGS, P.D. (1994). "Modelling Air Bubble Entrainment by 
Plunging Breakers." Proc. Intl Symp. : Waves - Physical and Numerical Modelling, 
IAHR, Vancouver, Canada, M. ISAACSON and M. QUICK Edit., Vol. 2, pp. 783-792 
(ISBN 0-88865-364-6). 
 
The aeration characteristics of plunging breakers in the deep sea are described using a similarity with 
plunging jets. A large two-dimensional jet facility provides new experimental data on the number and 
sizes of the entrained bubbles and the resulting air-water interface area. The results enable new 
calculations of the air-water gas transfer contribution of the plunging breakers. The results are 
consistent with experimental field observations and emphasise the role of plunging breakers in the 
aeration process of the oceans. 
 
The paper was co-written with P.D. CUMMINGS, Ph.D. student under the supervision of the first 
author, and it was presented by Dr P.D. CUMMINGS. 
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CHANSON, H., and QIAO, G.L. (1994). "Drag Reduction in Hydraulics Flows." Proc. 
Intl Conf. on Hydraulics in Civil Eng., IEAust., Brisbane, Australia, 15-17 Feb., pp. 123-
128 (ISBN Book 85825 5979). 
 
The paper develops an analogy between different multiphase flow applications, in which the 
interactions between the turbulence and the particles modify the flow resistance. Drag reduction may 
be observed in self-aerated flows, sediment-laden flows and coal-water flows. The conditions for 
optimum operation are discussed and the similarity between the different types of flow situation is 
detailed. 
 
The paper was co-written with the writer's student Ms QIAO G.L., Ph.D. student under the supervision 
of the first author. It was presented by H. CHANSON. The paper received some attention (3 citations 
in SCI between 1994 and 1998). 
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CHANSON, H., and CUMMINGS, P.D. (1994). "An Experimental Study on Air 
Carryunder due to Plunging Liquid Jet - Discussion." Intl Jl of Multiphase Flow, Vol. 
20, No. 3, pp. 667-770 (ISSN 0301-9322). 
 
This paper is a discussion of the article : 
BONETTO, F., and LAHEY, R.T. Jr (1993). "An Experimental Study on Air Carryunder due to a 
Plunging Liquid Jet." Intl Jl of Multiphase Flow, Vol. 19, No. 2, pp. 281-294. Discussion : Vol. 20, 
No. 3, pp. 667-770. 
 
A new definition of 'smooth jet' is argued. The discussion is based upon new observations on a two-
dimensional plunging jet experiment. Further some predictions on the characteristics of air bubbles 
entrained by 'smooth jets' are presented. 
 
This short contribution was the first of a series on air bubble entrainment by plunging jets, published 
in 1996, 1997 ad 1998. 
 
The paper was co-written with P.D. CUMMINGS, Ph.D. student under the supervision of the first 
author. 
 
77 
CHANSON, H. (1993). "Model Studies of the Aeration Device of the Clyde Dam 
Spillway." ANCOLD Bulletin, No. 94, pp. 29-45 (ISSN 0045-0731). 
 
The article summarises four laboratories studies of the aeration device of the Clyde dam spillway. A 
comparative analysis of the data is presented and the main results compared with other laboratory 
studies of air slots. The main conclusion is that similitude of the air entrainment mechanisms occurring 
above an aerator is not possible, but model studies are very useful to understand the air entrainment 
processes and the interactions between these processes. 
 
The paper was particularly relevant with the completion and start of operation of the Clyde dam (New 
Zealand). 
 
79 
CHANSON, H. (1993). "Stepped Spillway Flows and Air Entrainment." Can. Jl of Civil 
Eng., Vol. 20, No. 3, June, pp. 422-435 (ISSN 0315-1468). 
 
The paper presents a review of recent developments for the design of stepped spillways, provides new 
understanding of the effects of air entrainment, and presents a new calculation method which takes 
into account the effects of flow aeration on the flow characteristics and the rate of energy dissipation. 
 
The paper illustrates a different type of applications of air entrainment studies. Moreover it was the 
first of several publications on stepped spillways, including one book (CHANSON 1995, Pergamon) 
and over 10 international refereed publications. The paper received a lot of attention (12 citations in 
1994 and 1995). 
 
 
Citations of the publication (citations listed by 'Science Citation Index' [SCI] and citations known to 
the author from 1993 onwards). 
 
Manuscript Year 1993 1994 1995 1996 1997 1998 Total 
Can Jl. of Civil Eng. 1993        
Science Citation Index   3 8    11 
Others    1  1 1 3 
Total        14 
 
Notes 
Others : Number of citations in International Journals, International Conferences, Books and 
Monographs (not listed in Science Citation Index). 
 
 
80 
CHANSON, H. (1993). "Self-Aerated Flows on Chutes and Spillways." Jl of Hyd. 
Engrg., ASCE, Vol. 119, No. 2, pp. 220-243. Discussion : Vol. 120, No. 6, pp. 778-782 
(ISSN 0733-9429). 
 
This paper reviews the characteristics of self-aerated flows and high-velocity flows on spillways and 
chutes. Both uniform flows and gradually varied flows are investigated. Further similarities with 
suspended sediments flows and extremely rough flows are developed, and the interaction between air 
bubbles and turbulence is discussed. In a second part a new computational model is developed to 
predict the air-water flow properties and the results are compared with experimental data, and applied 
to chutes and tunnel spillways. 
 
The paper was followed by an interesting discussion : 
ANWAR, H.O. (1994). "Self-Aerated Flows on Chutes and Spillways - Discussion." Jl of Hyd. 
Engrg., ASCE, Vol. 120, No. 6, pp. 778-779. 
CHANSON, H. (1994). "Self-Aerated Flows on Chutes and Spillways - Closure." Jl of Hyd. Engrg., 
ASCE, Vol. 120, No. 6, pp. 779-782 (ISSN 0733-9429). 
 
Both the full paper and discussion/closure papers are substantial contributions to the topic (see number 
of citations). 
 
Citations of the publication (citations listed by 'Science Citation Index' [SCI] and citations known to 
the author from 1993 onwards). 
 
Manuscript Year 1993 1994 1995 1996 1997 1998 Total 
Jl of Hyd. Eng. ASCE 1993        
Science Citation Index   3 3  2  8 
Others   2  1 1 2 6 
Total        14 
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Notes 
Others : Number of citations in International Journals, International Conferences, Books and 
Monographs (not listed in Science Citation Index). 
 
82 
CHANSON, H. (1993). "Environmental Impact of Large Water Releases in Chutes : 
Oxygen and Nitrogen Contents due to Self-Aeration." Proc. 25th IAHR Congress, Tokyo, 
Japan, paper D9-1, Vol. 5, pp. 273-280. 
 
The paper develops a method to estimate accurately the air-water surface area in self-aerated flows as 
a function of the hydraulic flow properties. The results are applied to channels of constant slopes, and 
show that the air-water interface area and the aeration efficiency are primarily function of the 
discharge per unit width. 
 
The paper was presented by H. CHANSON at the Biennial Congress of the International Association 
for Hydraulic Research. The conference material presents a series of first results. The full set of results 
were reported in : 
CHANSON, H. (1995). "Predicting Oxygen Content Downstream of Weirs, Spillways and 
Waterways." Proc. Instn Civ. Engrs Wat. Marit. & Energy, UK, Vol. 112, Mar., pp. 20-30 (ISSN 
0965-0946). 
83 
CHANSON, H., and CUMMINGS, P.D. (1993). "Prediction of Bubble Entrainment due 
to Storm Waves." Proc. 25th IAHR Congress, Tokyo, Japan, paper C3-2, Vol. 4, pp. 80-
87. 
 
The study investigates the effects of large breaking waves during storm events and the associated 
aeration process. One type of breaking waves, the plunging breaker, can entrain large quantities of air 
bubbles at depths as large as 10 to 20 metres. The resulting increase of air-water interface area and the 
increase of gas saturation concentration with the depth induce a massive augmentation of air-water 
transfer of atmospheric gases. The characteristics of plunging breaking waves are developed using a 
similarity with plunging jets. The results are consistent with experimental observations and emphasise 
the role of plunging breakers in the aeration process. They provide also a method to predict the gas 
transfer rate due to plunging breaking waves during storms. 
 
The paper was co-written with P.D. CUMMINGS, Ph.D. student under the supervision of the first 
author. The paper was presented by H. CHANSON at the Biennial Congress of the International 
Association for Hydraulic Research. 
 
An extended manuscript was published in a refereed journal in 1994 : 
CHANSON, H., and CUMMINGS, P.D. (1994). "Effects of Plunging Breakers on the Gas Contents in 
the Oceans." Marine Technology Society Journal, Vol. 28, No. 3, pp. 22-32 (ISSN 0025-3324). 
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CHANSON, H. (1992). "Air Entrainment in Chutes and Spillways." Research Report 
No. CE 133, Dept. of Civil Engineering, University of Queensland, Australia, Feb., 85 
pages (ISBN 0 86776 464 3). 
 
This work was the first major contribution deriving from H. CHANSON's work at the University of 
Queensland. The monograph presents a comprehensive review of the state of the art on air entrainment 
in chutes and spillways. New original studies are developed for air slots and equilibrium flow 
conditions. The monograph has been cited regularly since (see below). 
 
Citations of the publication (citations listed by 'Science Citation Index' [SCI] and citations known to 
the author from 1992 onwards). 
 
Manuscript Year 1992 1993 1994 1995 1996 1997 1998 Total 
Res. Rep. CE133, Uni. of Qld 1992         
Science Citation Index   3 2     5 
Others    3 3 1 1 1 9 
Total         14 
 
Notes 
Others : Number of citations in International Journals, International Conferences, Books and 
Monographs (not listed in Science Citation Index). 
 
85 
CHANSON, H. (1992). "Air Entrainment on Chute and Tunnel Spillways." Proc. 11th 
Australasian Fluid Mechanics Conference AFMC, Vol. 1, Paper 1D-3, Hobart, Australia, 
pp. 83-86 (ISBN 0 85901 519 X). 
 
The study presents a new method to estimate the flow properties in chute and tunnel spillways. New 
results on drag reduction in self-aerated flows are developed. It is shown that the mechanisms of drag 
reduction are associated with the presence of an air concentration boundary layer next to the spillway 
invert. An analogy with dilute polymer solutions and microbubble modified boundary layers suggests 
that the presence of air next to the bottom increases the effective viscosity of the mixture and the 
sublayer thickness. In a second part self-aerated flow characteristics are discussed in the particular 
case of tunnel spillways. 
 
The conference paper presented some first results which were fully detailed in a later publication : 
CHANSON, H. (1994) "Drag Reduction in Open Channel Flow by Aeration and Suspended Load." Jl 
of Hyd. Res., IAHR, Vol. 32, No. 1, pp. 87-101 (ISSN 0022-1686). 
 
86 
CHANSON, H. (1992). "Uniform Aerated Chute Flow - Discussion." Jl of Hyd. Engrg., 
ASCE, Vol. 118, No. 6, pp. 944-945 (ISSN 0733-9429). 
 
The paper provides some new understanding of air-water uniform equilibrium flows in open channels. 
It includes a critical review of HAGER's article with new original information. 
 
The contribution is a discussion of the paper : 
HAGER, W.H. (1991). "Uniform Aerated Chute Flow." Jl of Hyd. Engrg., ASCE, Vol. 117, No. 4, pp. 
528-533. Discussion, Vol. 118, No. 6, pp. 944-946. 
 
87 
CHANSON, H. (1991). "Aeration of a Free Jet above a Spillway." Jl of Hyd. Res., IAHR, 
Vol. 29, No. 5, pp. 655-667 & Vol. 29, No. 6, p. 864 (ISSN 0022-1686). 
 
The article develops a new analysis of air entrainment above spillway aerators. Following a basic 
dimensional analysis, it is shown that a similitude of the air entrainment processes for spillway air 
slots is not possible between model and prototype. New information on the free jet is presented and an 
analytical solution of the upper nappe entrainment is developed. The analytical model is successfully 
compared with model data. 
 
The interest on the paper's topic was shown with at least 12 citations between 1992 and 1997. 
 
 
Citations of the publication (citations listed by 'Science Citation Index' [SCI] and citations known to 
the author from 1991 onwards). 
 
 
Journal Year 1991 1992 1993 1994 1995 1996 1997 1998 Total 
Jl of Hyd. Res. IAHR, No. 5 1991          
Science Citation Index   1 4 2     7 
Others    1 1 1 1 1  5 
Total          12 
 
Notes 
Others : Number of citations in International Journals, International Conferences, Books and 
Monographs (not listed in Science Citation Index). 
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CHANSON, H. (1990). "Study of Air Demand on Spillway Aerator." Jl of Fluids Eng., 
Trans. ASME, Vol. 112, Sept., pp. 343-350 (ISSN 0098-2202). 
 
This article analyses and compares air entrainment at spillway aeration devices with the ventilation of 
air cavities behind hydrofoils. The results of the study highlight the similarities and the differences 
between spillway air slots and hydrofoil ventilation 
 
The material derives from experimental work performed as part of a Ph.D. project. The paper was 
written after the completion of the degree. 
 
89 
CHANSON, H. (1989). "Study of Air Entrainment and Aeration Devices." Jl of Hyd. 
Res., IAHR, Vol. 27, No. 3, pp. 301-319 (ISSN 0022-1686). 
CHANSON, H. (1989). "Flow downstream of an Aerator. Aerator Spacing." Jl of Hyd. 
Res., IAHR, Vol. 27, No. 4, pp. 519-536 (ISSN 0022-1686). 
 
This series of two articles presents a new analysis of experimental data. The results provide a new 
understanding of the air entrainment processes at spillway aeration devices. Air slots (i.e. aeration 
devices) are used to prevent cavitation damage on high-head spillways. The study provides new 
guidelines for the optimum location of the air slots. 
 
It is worth noting that the papers were widely cited from 1990 onwards : i.e., nearly 45 citations 
altogether. 
 
The material derives from experimental work performed as part of a Ph.D. project. The papers were 
written after the completion of the degree. 
 
 
Citations of the publications (citations listed by 'Science Citation Index' [SCI] and citations known to 
the author from 1989 onwards). 
 
Journal Year 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 Total
Jl of Hyd. Res. IAHR, No. 4, p. 519 1989            
Science Citation Index    2 1 4 3 1    11 
Others   1 4 3  2 3 1 1 2 17 
Total            28 
Jl of Hyd. Res. IAHR, No. 3, p. 301 1989            
Science Citation Index   1 2  3 1 1    8 
Others   1  2 1  2 1  1 8 
Total            16 
